Incomplete resection of choledochal cysts (CCs) that extend deep into the pancreas can lead to protein plug or stone formation, pancreatitis, and cholangiocarcinoma. We encountered two cases of choledocholithiasis in remnant intrapancreatic CCs, in which the patients exhibited symptoms after 3 and 21 years of cyst excision. A 21-year-old woman who had undergone excision of a CC, as a neonate, presented with epigastric pain. Abdominal computed tomography (CT) revealed stones inside the remnant pancreatic cyst, which were removed by endoscopic retrograde cholangiopancreatography (ERCP), and her symptoms improved. A 33-year-old woman, who underwent cyst excision 3 years ago, presented with pancreatitis. Abdominal CT showed a radiolucent plug inside the remnant pancreatic cyst. The soft, whitish plug was removed by ERCP, and the pancreatitis improved. These cases indicate that plugs and stones in CCs have the same pathogenetic mechanism, and their form depends on the time since the incomplete excision surgery.
INTRODUCTION
Choledochal cysts (CCs) are congenital cystic dilatations of the extra-or intrahepatic portion of the biliary tree, and complete excision is the gold standard treatment for these cysts. 1 However, this surgery is difficult, especially when the cystic lesions extend deep into the pancreas. Injury to the pancreatic duct during operation may cause pancreatitis, stone formation, and leakage of pancreatic juice. 2 Further, incomplete resection can lead to stone formation, recurrent pancreatitis, and cholangiocarcinoma in remnant intrapancreatic CCs (IPCCs). In previous studies, protein stones or plugs developed in remnant IPCCs in 5% and 30% patients who presented with abdominal pain or recurrent acute pancreatitis during follow-up, respectively. 3, 4 Complete surgical resection is recommended for such patients because of the risk of developing cholangiocarcinoma in IPCCs. 2, 5 However, studies have reported successful outcomes for several patients with protein stones or plugs by simply using endoscopic retrograde cholangiopancreatography (ERCP) and ensuring close follow-up. 6, 7 Here, we report two cases of protein stone and plug formation in remnant IPCCs, in which the patients presented with epigastric pain and acute pancreatitis. They were treated with endoscopic sphincterotomy (EST) and endoscopic papillary balloon dilation (EPBD) and followed up for 12 months, showing no recurrence.
CASE REPORT Case 1
A 21-year-old woman was admitted to our hospital for epigastric pain. At the age of 1 month, she had undergone diver-sion operation for a congenital CC with biliary tract obstruction. She had been symptom free for 21 years until the current presentation. Physical examination on admission revealed tenderness at the epigastrium. Laboratory data were within normal limits, except that the patient had unconjugated hyperbilirubinemia, suggestive of Gilbert's syndrome: white blood cell count, 5 1C ). ERCP showed a round dilated distal common bile duct with filling defects, also suggesting the presence of stones in the remnant IPCC. EST and mechanical lithotripsy were performed to remove the stones (Fig. 1D) , which appeared as whitish, hard, protein structures ( Fig. 1E , F). The patient had an uneventful post-procedural course and was free of symptoms, at least for the next one year.
Case 2
A 33-year-old woman was admitted to our hospital because of pain in the right upper quadrant of the abdomen. Three years previously, the patient had undergone resection of a congenital CC with anomalous union of the pancreaticobiliary duct (AUPBD). She had been symptom free until the current presentation. Physical examination at admission revealed tenderness in the epigastrium. Laboratory data were within normal limits except that the levels of amylase and lipase were elevated: white blood cell count, 9,800/mm 3 ; hemoglobin, 13.4 g/dl; hematocrit, 39.5%; platelet count, 193×10 3 / mm 3 ; total protein, 6.7 g/dL; albumin, 4.5 g/dL; aspartate aminotransferase, 17 U/L; alanine aminotransferase, 14 U/L; total bilirubin, 0.73 mg/dL; blood glucose, 113 mg/dl; amylase, 1640 U/L; lipase, 3520 IU/L. Abdominal CT and EUS showed a 3.5×4.0 cm 2 cystic lesion containing a radiolucent lesion in the pancreatic head ( Fig. 2A-C) . ERCP showed a long common channel and a cystically dilated distal common bile duct with filling defects (Fig. 2D) . EST enabled easy drainage of the whitish fluid, and a protein plug, which was whitish, soft, and round, could be removed using a basket (Fig. 2E, F procedure, the serum amylase and lipase levels decreased, and the patient had an uneventful post-procedural course and was symptom free when discharged from the hospital. Follow-up abdominal magnetic resonance imaging showed a slight decrease in the size of the IPCC and no evidence of residual lesions in the remnant cyst.
DISCUSSION
This study showed that protein plugs and stones develop in residual IPCCs after partial excision, and they can be treated with ERCP. Whitish plugs and stones were detected in our patients at 3 and 21 years after cyst excision. We believe that plugs and stones have the same pathogenic mechanism and characteristics but that the form depends on the amount of time that has elapsed after cyst excision.
Ideally, an extrahepatic dilated bile duct and IPCCs should be completely resected during the primary operation. 5 Complete excision of the extrahepatic component combined with cholecystectomy, followed by Roux-en-Y hepaticojejunostomy, is considered the treatment of choice. Complete excision involves resection of the bile duct from the confluence of the hepatic duct proximally up to the pancreatico-biliary junction distally. 8 However, when the lesion extends deep into the pancreas, complete resection is difficult, and remnant IPCCs are associated with complications such as recurrent pancreatitis, protein plug or stone formation, and malignant transformation.
2,5
Protein plug or stone formation in residual IPCCs is not rare. One study reported that protein plugs and stones were detected in 28%-36% of IPCCs by routine intraoperative endoscopy during cyst excision. 9 However, if complete cyst excision was ensured using intraoperative endoscopy, the incidence of stone formation reduced to 5.3%. 10 Coexistence of an AUPBD is reported in 50%-80% cases of CCs. 11 Reflux of protein juice to the remnant biliary cyst is the main pathogenic mechanism of protein plugs or calculi. The plausible pathogenesis of protein plug or stone formation inside IPCCs is as follows: 12 The presence of a remnant IPCC leads to the formation of a dead space within the pancreas. Owing to the concomitant presence of an AUPBD, pancreatic secretion is forced into this space. If the function of the duodenal papilla is normal and duodenal juice is not regurgitated, patients who merely retain pancreatic secretions in the cyst space may not develop symptoms. However, most patients with congenital cystic dilatation of the bile duct have anatomical anomalies, and abnormal function of the duodenal papilla results in backflow of intestinal secretions, which activates pancreatic enzymes in the remnant cyst, leading to infection, formation of intrabiliary carcinogens, and an increased risk of malignancy. We suggest that incomplete resection of CC during the primary operation and the increase in intraluminal pressure in the pancreatic duct caused by the dynamic obstruction produced by a protein plug or pancreatic stone play an important role in dilatation of the choledochal remnant after congenital CC excision.
Chemical and infrared spectrometric analyses of stones showed that albumin (more than 98%) and calcium (0.53%) were the main components, indicating that the composition was different from that of typical pancreatic and bile duct stones. 7 Protein plugs are white and fragile and comprise over 90% protein with concentrated pancreatic juice. 3, 4 In the present study as well, the plugs were whitish and fragile, appeared radiolucent in abdominal CT scans, and showed no acoustic shadowing on EUS. In contrast, the stones were white and hard and produced an acoustic shadowing. The treatment options for residual IPCCs are reoperation for complete resection, close observation, and endoscopic treatment. Most studies showed that radical excision of the dilated cystic remnant, buried in the pancreatic head, was associated with low morbidity rates and yielded favorable longterm outcomes. 12 The efficacy of endoscopic removal of protein plugs/stones remains debatable. ERCP has been reported as a useful technique to treat acute pancreatitis induced by remnant cysts. 4 However, a study reported recurrent stones in and pancreatic juice reflux to IPCCs after EST, indicating that complete resection of the cysts is mandatory to prevent future problems. 6 We believe that in our patients, EST and/or EPBD widened the common channel, so close follow-up for more than 1 year was mainly needed. The risk of malignant transformation after incomplete excision of IPCCs should be carefully considered. The incidence of metachronous carcinoma was found to depend on resection completeness, and it is reportedly 0.7% 11 -11.3% 12 in the case of incomplete resection and 20%-30% in the case of untreated CCs. 11 Additionally, a study showed that this risk at 15, 20, and 25 years after cyst excision was 1.6%, 3.9%, and 11.3%, respectively. 12 One study reported that the average time between incomplete CC excision and the diagnosis of malignancy was 140 months. 13 The risk of malignancy is also related to the type of CCs: it is higher for types I and IV than it is for types II, III, and V. 
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In conclusion, through this report on two cases of protein plugs and stones, we attempt to explain the process of stone formation in remnant IPCCs. Reoperation for complete resection is recommended in such cases. If not, symptomatic treatment with ERCP and close surveillance for cholangiocarcinoma are mandatory.
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